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ESTIMATION OF _ACTIVE INFECTION BY Kr.T.rrn......_^^y^ 

Technical Field 

This invention relates generally to methods and devices 
used for determination of analytes in saliva or other body 
fluid, and in particular, pertains to an integrated device and 
method to carry out chemical and immunochemical analysis 
simultaneously and including an improved device for 
determination of ammonia. 

Background Art 

Helicobacter pylori {formerly called Campylobacter 
pylori) was first isolated by Warnell and Shall in 1983 
(Marshall B.J., warren J. R., Lancet 1984:1:1311-5). H. 
pylori is the most widespread bacteria infection with an 
estimated worldwide prevalence of 50% (Marshall B.J., 
Epidemiology of H. pylori in Western countries. In:''Hunt 
R.H., Tytgat G.M. j., eds. Helicobacter pylori: Basic 
Mechanisms to Clinical Cure. Dordrecht:; Kluwer Academic 
Publishers 1994:75-84; Hazell S. .., H. pylori in developing 
countries, in: Hunt R.H., Tytgat G.N. J., eds. Helicobacter 
pylori: Basic Mechanisms to Clinical Cure. Dordrecht:; Kluwer 
Academic Publishers 1994:85-94). H. pylori is a very 
important pathogen in several diseases of the stomach and 
duodenum. H. pylori is associated with type B gastritis, 
duodenal ulcer, gastric ulcer, and gastric cancer. A variety 
of methods has been developed for diagnosis of H. pylori 
infection and evaluation of eradication of H. pylori following 
antibacterial treatment. 

U.S. Patent No. 5,498,528 teaches a method for detection 
of H. pylori strain comprising the steps of contacting a 
saliva sample suspected of containing H. pylori directly with 
a urea containing medium selective for growth of H. pylori and 
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havxng a pH of about 5.5 to 7.5, and incubating the saznole for 
a time sufficient for detection of H. pylori growth in at 
least 80% of true positive saiaples. The method is based on 
hydrolysis Of urea contained in the growth medium by urease 
enzyme produced by H. pylori and detection of a hydrolysis 
product by release of a radioactive label from urease o. by a 
color change resulting from action on a pH indicator. The 
time required to obtain a result by the method disclosed is a 
function Of temperature, approximately 2-3 days when incubated 
at 23-250 c and 4-6 hours when incubated at 35-37<. c. 

U.S. Patent No. 5,479,935 teaches an ambulatory system 
for recording and analyzing gastroesophageal reflux. The 
system comprises a digital recorder, an analysis software 
package and a catheter for measurement of changes in 
esophageal impedance. Gastroesophageal reflux can be detected 
with a PH above 4. The invention allows for recording and 
analysis of reflux on a non-invasive basis, by using pairs of 
externally worn impedance sensors. 

Other bio-parameters, such as pH or pressure can be 
measured simultaneously with impedance measurement 

U.S. Patent No. 5,477,854 teaches a system and a method 
for monitoring intragastrointestinal concentrations of 
amonium during prolonged periods, as an indicator of the 
presence and activity of an intragastrointestinal H. pylori 
infection. The system may be used in the evaluation of 
treatments for H. pylori infection in the patient. 

U.S. Patent No. 5,439,801 teaches an improved test for 
the detection of the presence of urease associated with H 
pylorx m a biopsy specimen. The hydrolysis of lurea by 
urease is detected by a combination of at least two dye 
indicators showing a color change. Most positive results ' 
occur in 2-10 minutes and all occur in no more than 4 hours 
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^'•S, Patent No. 5,438 9ftH u 

invention also „.,,,3 - 5--o-xn.e=ti„al tract. The 

e^a„PU, „h,„ .„„,e„al material L , 
and esophagus. The inve , 
10 catheter „L a pH s ' ^-tro-intesti„al 

"uorescent sensor a " ' 

«"-n report ;r:;„ce: """" ^ ' 

U.S. Patent No. 5.420 m 
t-h a rapi. .etho. f LLV 

" in a biological tissue s oec ' """"" °' «■ ^'^"^ 

tissue specimen by detPri-in^ 

-ease in the tissue. The svste. °f 

ci-ice for the detection / ' -Itilayer test 

detection of ammonia oererPh^H ^ 
presence of urease in the specimen. " 
U-S. Patent No, 5,420 014 f u 
'■0 contemporary i„,,t,„„ „ "'f ^= ^ -"^°<1 detecting 

is based o„ the tor„,t ■ ' '"'^ ""hPl 

— . i„ saLr rrecitr 7""-" - - 

from H. pylori Th ^^^^ antigen component 

solid support. ■ ^ i-nobili.ed onto a 

^ U.S. Patent No. 5,262 i 

H. pylori. The assav "'^^ detecting 

ine assay involves an ET T^a ^ ■ 

includes a kit wherein th. ""'"''^ sa:,ples, and 

i-oMli.ed on a so L " ''"'^ composition is 
" un a solid support. 

U-S. Patent No. 4,947,861 teaches a n ■ 
for detection of c. pylori a h "°n-nvasive method 

a patient ten minutes afte^ the oaT' " ^^""^ 

-ea. The sample is dehv. . ' '^"^"^^^^ °f 

state body of all Le , ^^"^"^ ^^-"^^ a solid- 

al.aune hygroscopic material and analyzed for 
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^onla The presence of .™„„u indicate. p,ese„ce of c 
. pylon m the stomach. 

U.S. Patent No. ^,682,271 teaches a method for the 
erolo^xcal detection of c. pylori. ^ a„tl,e„ fot th 

red ™ ^^^^^ a„luti„atio„, complement 

fixation, and indirect hemagglutination. 

The urea breath test based on the extremely high 
endogenous urea activity of H. pylori is reliable and non- 
invasive method With high sensitivity and specificity su table 
f r dragncsis and evaluation tests, however, the application 

ii udreiT^:::' --^^-^^ ^^^^ - - 
...loactive irr"' 

Against this background there remains a need for a method 
diagnosing c. pylori that is rapid, non-invasive, and be 
d strngursh infection in an active state from dormant or 
non-living residues. 

Disclosure of Invpn1-i.^r, 

In accordance with the. r,= »-=^4- 
application , application of which this 

n e ° "°tinuation-in-part, it has been found that 

a novel non-invasive method for diagnosis of active 
He icobacter pylori infection is based on simultaneous 
detection of antibody to the H. pylori and abnormal level of 
n arMonia constituent in a body fluid such as blood or 

P"iod Of time even with eradication of H. pylori a 

« t d b ? ?• "-entration in a body fluid is 

cal Pi ' """"ion alone 

cannot pinpoint exact cause of abnormal ammonia value 
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Combining the information obtained for ammonia analysis and * 
the serological test, however, affords a novel test for active 
H. pylori requiring only small samples of body fluid and 
minimal inconvenience to the patient. 
5 Also in accordance with said parent, a diagnostic 

apparatus for estimating an active Helicobacter pylori 
infectious agent in saliva comprises in combination an 
immunoassay chamber in which a first portion of said saliva is 
subjected to serological test for antibody to said infectious 

10 agent and a chemical reaction chamber in which a second 

portion of said saliva is subjected to chemical analysis for 
an ammonia constituent thereof. The presence of antibody to 
the H. pylori as shown by serological test coupled with 
abnormal level of ammonia indicates active H. pylori 

15 infection, while a positive serological result with normal 
ammonia constituent level indicates an H. pylori infection 
that is inactive or limited. 

Moreover in accordance with said parent, quantitative or 
semi-quantitative analysis of ammonia and antibody levels in 

20 saliva can be used to monitor the eradication of H. pylori. 

A method in accordance with said parent of estimating an 
active H. pylori biological infectious agent in a body fluid 
such as blood or saliva, comprises in combination subjecting a 
first portion of said fluid to serological test for antibody 

25 to said H. pylori infectious agent and subjecting a second 
portion of said fluid to chemical analysis for an ammonia 
constituent thereof. 

The diagnostic apparatus of this invention can be 
constructed as a single device with two reaction chambers, one 

30 for chemical analysis and one for serological test or 
immunoassay. 
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separate devices used to process for chemical .n.i ■ 
serological test portions of a . • . 

P rtions of a single specimen of body fluid 
In accordance with this invention ■ 

-on^a test .ence co»pn..s .t u.=t c„e s J ^ J . 

> separation ot di=„. . ' Penaeable layer for 

se sor la e ,o "t ''^''^ ■ 
-PU r a t "° °' ~- 

U.ar neal „ t ^ . Lu" 

l„ f„ .V "^""'^i- ""act With one another. 

^o.. :T ^ - the 

i-xuaa to be examined is annii^^ ^- 

-a^ers. ^onia in the .LT i lt 

"ith the a».o„ia test device ot the °" 

an. anti.. t:™::.::- ^ — = 

the sample beintr ov • . Antibodies present in 

capture on hTso^.^r^^ "^""^ " ^^^^^ - 

antigen-antibodV o leTrie"?"" " ^^^^^^^ °^ 
radioactive, enzyme fl "^^^ 

e, enzyme, fluorescent, chemiluminescent nr 
compound with detectshio v> • "«inescent or other 

aetectable chemical or Dhv5ir.= i 
used to detect Physical properties is 

through tt t2ll~ °' ^""''-""--^ -P^- 
co.ple.. J ;:!: - -'--^ - anti-antlho., 

fluid such as alL ' " '"-"^^ °' ' 

after a period o " 

period Of xncubation when the fluid sample is applied 
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to the chamber. After washing the unbound fluid from the 
membrane with buffer solution to eliminate non-specific 
binding, protein-A gold conjugate is added to detect the 
presence of H. pylori antibodies. The Protein-A Gold 
5 conjugate binds to the Fc portion of H. pylori antibodies 

captured by antigens on the support, A positive reaction for 
H, pylori antibodies is confirmed by a visible red or slightly 
pink spot in the test area. . 

Other features which are considered as characteristic for 

10 the invention are set forth in the appended claims. 

Although the invention is illustrated and described 
herein as embodied in estimation of active infection by 
Helicobacter Pylori, it is nevertheless not intended to be 
limited to the details shown, since various modifications and 

15 structural changes may be made therein without departing from 
the spirit of the invention and within the scope and range of 
equivalents of the claims. 

The construction and method of operation of the 
invention, however, together with additional objects and 

20 advantages thereof will be best understood from the following 
description of specific embodiments when read in connection 
with the accompanying drawings. 

Brief Description of Drawings 

25 Fig. 1 is a perspective view of a double-chamber reaction 

device for carrying out chemical and immunochemical analysis 
simultaneously according to the invention, in which the 
chambers are identified by the numbers 1 and 2. 

Fig. 2a is a cross-sectional view of the device of Fig. 1 

30 without reagents in the chamber for chemical analysis, 3, and 
the chamber for immunoassay fitted with reaction membrane 4, 
absorbance material 5, and cylindrical sample reservoir 6. 
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Fig. 2b is a cross-sectional view of the device with 

Fig. 3a is a perspective view of an ammonia test strio 
and detection in one step. 

Fig. 3b is a cross-sectional view of an airouonia test 
Strip of Fig, 3a, 

Fig. 4a is a perspective view of an ammonia test strip 
capable of performing two individual tests at the same time 

strln r.''' " ' cross-sectional view of an a::uuonia test 
Strip of Fig. 4a. 

in 1 " ' P-^P-tiva View Of an ammonia test device 

xncluding reaction cell 18 and sensor cap 19 

Fig. 5b is an exploded perspective view of top portion of 
an ammonia test device of Fig. 5a. 

Fig. 6 is a cross-sectional view of an anuaonia test 

device which includes a sample lav«r => 

aompxe layer 33, a reagent layer 34 a 
gas-pe^eabl, layer 35, and a aensor layar 36. 

Fig. 7 is a parspactiva vie« of a„ ammonia test device 
Which includaa a reaction cell with sa.pla layer and reagent 
ayer disposed on the botto. thereof and senaor layer in the 
rorm of a cover sliHc* it^^u 

^'^^ =P^« inside the reaction 

cell serving as gas-permeable layer. 

Fig. 8a is a perspective view of the reaction cell of the 
ammonia test device of Fig. 7 

Fig. 8b is a top View of the reaction cell of Fig. 8a 

alon/v ■ " ' —actional view of the reaction cell 
along line a-a' of Fig. 8b. 

Fig. 8d is a cross-sectional view of the reaction cell 
along line b-b' of Fig. 8b. 

Fig. 9 is an exploded perspective view of the sensor 
Slide of Fig, 7. 
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FI, 10 i. a„ «pl»ded perspective view ot e„ i»„e„i. 
test device which includes , top l.,e., . h.cUn, layer, a 

:z: :::::: - ^ - ^ 

5 It Should be noted that the sketches are not drawn to 

scale Ml the drawings are for illustration o, the prese t 
invention without limitation. . 

Best Mod, for Tar rying Out th. , ...^ 

" constit::*"" ™ --ification and claims, ..a™.onia 
constituent is used to refer to any one or more of the 
species a^onla ,as, a^niu. ion. and .ionium hydroxide. It 
has been found that elevated levels of ammonia constituent can 

15 TJT " °' H- py^-i 

Z ■ " s-h levels Of 

a^onra constituent, in combination with serological test for 
antibody to „. pylori, can serve as a diagnosti! methoT o 
active H. pylori infection. 

20 suitabT ''""""^ is 

suitably Characterized as having at least one chamber 

Illustrated in n,. ja and 2b, Fig. ,. a„d Fig. 10 

cha:^"'"."' " " '"^ immunoassay 

Chamber, it is suitably characterized as comprising a reaction 
25 ™„bra„e with immobilized antigen or antibody to said 

infectious agent, an absorbance layer, and a sample reservoir. 
The reaction membrane, illustrated at A in Fig 2a c.„ H 
-terial. organic or inorganic, with sufficient porosity to 
au „ access by samples to be analyzed and with suitable 
30 surface affinity to bind antigens. 

useful membrane materials include nylon, glass fiber, .„d 
natural or synthetic polymers including cellulose esters The 
porosity Of the membrane can vary from 0.2 to 12 microns. 
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A nitrocellulose (i.e. cellulose nitrate) membrane has 
excellent absorption and adsorption qualities, and is 
preferred. Mechanical strength of nitrocellulose membrane is 
greatly improved with a paper or polyester support. 
Commercially available paper backed nitrocellulose membrane is 
conveniently used for easy handling. For the relatively high 
viscosity of saliva a relatively large porosity grade of 
membrane is a preferred choice. A binding reagent specific to 
H. pylori antibody, such as a commercially available 
preparation of H. pylori antigen, is immobilized on the 
membrane and reacts with and captures H. pylori antibody when 
present in the sample of fluid. The thickness of the membrane 
should be sufficient to immobilize a sufficient amount of 
antigen to provide adequate sensitivity, but not too thick to 
block the passage of saliva samples. 

The absorbance layer, illustrated at 5 in Fig. 2a, serves 
to draw liquid through the reaction membrane and can be made 
of any kind of porous hydrophilic absorbent material, suitably 
filter paper. The sample reservoir, illustrated at 6 in Fig. 
2a, is used to apply a sample to the reaction membrane and 
keep solution running through the center of the reaction 
membrane containing the immobilized antigen or antibody. 

When the container with an open end is the chemical 
reaction chamber, it is suitably characterized as comprising a 
hollow reaction chamber as illustrated at 3 in Fig. 2a in 
which chemical analysis can be carried out in any of several 
ways. A sample such as saliva can be added to the cell and 
mixed with all necessary reagents for producing a detectable 
response to an analyte of interest in 3. Reaction is allowed 
to proceed for a certain period of time, then the product is 
separated and analyzed by HPLC, IC, ion selective electrode, 
uv- visible spectrophotometric method or other analytical 
method specific to the analyte of interest. 
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-n a particularly preferred e:r.,odi.ent of this invention, 
the analyte of interest is an a^onia constituent and the test 
dev.ce affording a detectable response to anunonia can be 
used for detection and estimation thereof. Such a device 
including reaction cell 27 and sensor slide 28 can, for 
example, detect anunonia gas generated from an ammonia 
constituent of a saliva sample placed in the cell 

AS illustrated at 3a in Fig. 2b and 34 in Fig. 8c, 

and dded to the bottom of the cell. 3a can represent a pure 
3xngle reagent, a mixture of several reagents, or a reagent 
impregnated strip prepared by drying porous hydroohilic 
-teri3i 3uch as filter paper soa.ed with reagent" solutions . 
in the case of reagent impregnated strip, it can be 
conveniently attached to the bottom of 3 using small amount of 
epoxy or other adhesive material which does not interfere with 
the reaction, with reagent or filter paper impregnated with 
all necessary reagents added to the cell first, one step 
reactaon is carried out by adding saliva or other body fluid 
sample directly to the cell 3. 

A detectable response to a::^onia in accordance with this 
invention is a change in color of a pH indicator resulting 
from the reaction of a^^onia generated from a sample being 
examxned with the indicator suitably impregnated on a test 
strip, sensor layer or sensor slide. 

suitable PH indicators are characterized by a visible 
CO or Change at a pH in the range from 4 to 12 and include the 
following which are preferred. 



Indicator „ „ 

o „ , „. . Color Change 

2- (2, 4-Danitrophenyla2o) -l-naphthol-3, 
6-disul£onic acid 

4 , 4 ' -bi s ( 4 -amino- 1-naphthyla 20 ) -2 , 
2'-stilbenedisul£onic acid 
6,8-dinitro-2,4-(lH)qunizaolinedione 



yellow-biue 



8.0-9.0 blue-red 
^■^-^■0 colorless-yellow 
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alizarin 

brilliant yellow 
br onto thymol blue 
cresol red 

ni-nitrophenol 

metacresol purple 

neutral red 

phenol red 

phenolphthalein 

rosolic acid 

thymol blue 

turmeric 

xylenol blue 



5.6-7.2 
6.6-7.8 
6.0-7.6 
7.0-8.8 
6.8-8.6 
7.4-9.0 
6.8-8.0 
6.6-8.0 
8.2-10.0 
5.0-6.8 
8.0-9.6 
7.4-8.6 
. 8.0-9.8 



yellow- red 

yellow-red 

yellow-blue 

yellow- red 

colorless-yellow 

yellow-purple 

red-amber 

yellow-red 

colorless-pink 

yellow-red 

red-blue 

yellow- red 

yellow-violet 



Another detectable response to anunonia in accordance with 
th.s invention is the formation of highly conjugated 
.ndophenol dye absorbing strongly at 630-720 n. by reaction of 
anunonia and a phenol under oxidizing conditions in the so- 
called Berthelot reaction (see for example P. L. Searle 
Analyst 198., Vol. 109, pages 549-568). ^ ammonia tes^ strip 
based on the Berthelot reaction according to this invention 
.3 constructed, for example, by soaking porous hydrophilic 
material such as filter paper with a strong alkali such 
assodium hydroxide, an alkali metal salicylate such as lithium 
salicylate, potassium salicylate, or sodium salicylate, and 
sodxum nitroprusside catalyst, and drying the soaked material 
so as to avoid overheating, as in an incubator 

A further detectable response to a^^onia in accordance 
witn this invention is the^ f^v^,4-< 

o„rt„,, , formation of a stroncrly fluorescent 

Z TLor~ , a.o„.=.noe generator „.,ent s„.K 
as .-nuoro-,-„.troben.o-2-o,a-l,3-.iazole ,s.e fo. ..^u 

::r " ^^^^ 
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Referring to Fig. 3a and Fig. 3b, a one step detection of 
an ammonia constituent in saliva is achieved by using a multi- 
layer ammonia test strip according to this invention. Such a 
test strip can consist of reagent layer 12, gas-permeable 
5 layer 13, and sensor layer 14 prepared from porous material. 
8 and 9 are supporting layers serving to keep 12, 13, and 14 
in position. Paper, such as photocopy paper, is a preferred 
low cost supporting layer, however synthetic polymers such as 
polyvinyl chloride can also be used as supporting layer. 
10 Paper glue can be used to stick 8 and 9 together. 

Reagent layer 12 is impregnated with the necessary reagent for 
chemical reaction, which for ammonia constituent analysis is a 
strongly basic compound such as sodium hydroxide or potassium 
hydroxide. 

15 Gas-permeable layer 13 serves to separate volatile 

analyte such as ammonia from non-volatile interfering 
substances such as basic inorganic hydroxides, keeping the 
latter from reaching sensor layer 14. For the fabrication of 
gas permeable layer 13, a gas-permeable membrane such as 

20 polytetrafluoroethylene, polypropylene, or polyethylene can be 
used. A particularly preferred gas-permeable layer can be 
conveniently prepared using cellulose acetate butyrate 
coated filter paper. Alternatively, the gas-permeable layer 
is simply an unfilled space through which ammonia gas is free 

25 to rise and contact sensor strip, sensor layer, or sensor 

slide while gravity prevents liquids and solids from rising. 

Sensor strip 14 is prepared with pH indicator as 
illustrated above or with reagents for Berthelot reaction or 
with fluorescence generator. 

30 When a sample such as saliva is applied to the reagent 

layer through the hole 10, ammonia constituent in the sample 
reacts with strong base such as sodium hydroxide in reagent 
layer and releases ammonia gas. Ammonia gas diffuses through 
gas-permeable layer 13 and a distinct color change or 
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fluorescence is observed through hole 11 when anunonia reaches 

sensor layer 14. 

in a particularly preferred en^odiznent, there can be on 
_ the aznaonia test strip a plurality of sensing units each 
' having an assenO^ly of layers 12, 13, and 1. as shown in Fig 
3b. in this way, two or .ore saiaples can be analyzed at the 
sa.e time using a single test strip as shown in Fig. 4a and 
Fxg. 4b. semi-quantitative information can be obtained by 
running standard and sample' simultaneously . To avoid 
' xnterference, there should be enough space, suitably 8 
mxllimeters, between two sample wells 15 and 16. a single 
large piece of hydrophobic gas-permeable layer 17 (Fig 4b) 
can be used to avoid diffusion of solution from one cell to 
another . 

Referring to Fig. 5a and Fig. 5b, a saliva analyzer for a 
volatile organic or inorganic analyte such as an ammonia 
constituent in accordance with this invention includes a 
reaction cell 18 and a detection cap 19. The reaction cell 18 
can be made of any material resistant to chemical attack 
during the chemical analysis, suitably of glass or plastic. 
The reaction cell 18 has an open end. The cap 19 can be 
threaded or clipped onto the cell 18. There is a hole 20 in 
cap 19, suitably in the middle thereof. A chemical sensor 
strxp 21 can be fixed onto the cap through a solid backing 
layer 22 with a hole aligned with 20. 

Backing layer 22 when used is made of plastic or paper 
wxth adhesive material on one side, instead of using backing 
layer 22, the sensor strip can be glued directly to the base 
Of the cap using epoxy or other adhesive material 

The sensor strip 21 responds to volatile product, such as 
ammonxa, from the reaction inside the cell 18, resulting in 
color Change, physical. property change such as -resistance, or 
the formation of a product which can be determined by various 
analytical methods such as GC or HPLC. When a sensor strip is 
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impregnated With a pH indicator .ucn as pnenci red or cra.oi 

2 in thTb """'^ "° O"!^ 

m the backing layer 22. 

5 test T "T" "-f"" the 

t.is It::::: :: ii'ta:;;:^:" - 

tub. f, , , H ' Characterized as having a hollow 

be ^de fro. an. kind o, ^terial which is Insoluble in 
contact With water, saliva or blood etc. The tube 31 can be 
-de Of glas.. Plastic, steel, copper, or alu.i„„:„ etc. The 
"all 32 should be stiff ui n, . 

order f . " mechanical strength in 

order to pack the inside of the tube with sample layer 33 
reagent layer 34, gas-permeable layer 35, and sensor layei 36 
Class or Plastic tubing with transparent wall . is a prefer ed 
Choree, sample layer 33 is made of porous material. It is 

layer 3. rs porous material pre-soaked with sodium hydroxide 
potassium hydroxide or other strongly basic material ..as- 
permeable layer 35 is ^-^ 

layer 36 Sensor layer 36 consists of porous material soared 
with PH indxcator such as phenol red etc 

When the test device is in contact with saliva, blood or 

Other body fluids in = ^^^-k • 

--.---""^=n;eXi-r3rz:L 
r :::::: ::yr3r::ir " - — 

g layer 34, releasing aM.onia gas. Smmonia gas goes 
through gas-permeable layer 35 to reach sensor layer 3 
resulting in distinct visible color change. Since Ugu d 

^ IT'"'" interference fL ' 

sodium, hydroxide can be effectively eliminated. 
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Referring to Fig. 7 in conjunction with Fig. 8a - Fig. 8cl 
and FIG. 9, the ammonia test device includes a reaction cell 
37 and a sensor slide 38. There is a hole 39 in the sensor 
sUde for observation of color change following chemical 
reaction in the reaction cell. 

Polymers or metals can be used to prepare the reaction 
cell and the sensor slide. The reaction cell 40 consists of a 
hollow container with one open end 41 and slots 42. Samples 
can be added to the reaction cell through the opening 43 
Reagents 44 necessary for chemical reaction can be deposited 
on the bottom of the reaction cell. Reagent 44 can be a 
single chemical such as pure sodium hydroxide, a mixture of 
different chemicals, or a porous material soaked with 
chemicals. There are two purposes for the slots 45 (Fig 8d) 
in the reaction cell, first, to hold the reaction cell 37 and 
the sensor slide 38 tegether, and second, to position the 
opening of the sensor slide 37 right on the top of the opening 
43 of the reaction cell 41. The sensor slide 46 is attached 
to the reaction cell through the base 48. Ammonia gas 
released from the reaction cell can go upward through the 
opening 43 of the reaction cell and opening 47 of the sensor 
slide to reach the sensor layer 49. visible color change can 
be Observed through a hole 51 in the backing layer 50. The 
sensor layer contains pH indicator, suitably impregnated on 
porous material. The backing layer is used to attach the 
sensor layer 49 to the sensor slide 45. There is adhesive 
material on the bottom of 50 and the size of 50 is larger than 
that of 49. The sensor layer 49 can be easily attached to the 
slide 46 by pressing 50 against 46. Referring to Fig. 10, the 
ammonia analysis device includes a backing layer 52, a top 
layer 53, a sample layer 56, a reagent layer 57, a gas- 
-permeable:iayer..58..;anff;i. sensor 4 

paper or other porous material is used to prepare layers 56, 
57, and 59. The reagent layer 57 is prepared by soaking and 
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drying a small piece of filter paper with sodium hydroxide 
solution. The sensor layer is prepared by soaking and drying 
a piece of filter paper with phenol red or other pH indicator 
solutions. Gas-permeable layer can be made from polymeric 
gas-permeable membrane such as tetrafluoroethylene polymer. 
Layers 56-59 are secured to the backing layer 52 by gluing or 
heat-sealing top layer to the backing layer 52. There are two 
openings 54 and 55 in the top layer 53. The opening 54 is 
used to add sample to the sample layer 56. The opening 55 is 
used to observe color change following chemical reaction. 
Sample is added to porous sample layer 56 through window 54. 
sample is carried to the reagent 57. An ammonia constituent 
such as ammonium ion will react with sodium hydroxide in the ■ 
reagent layer 57 and resulting ammonia gas goes through gas- 
permeable layer 58 and reaches the sensor layer 59 resulting 
in a distinct color Change. 

Further disclosure of the invention is provided by the 
following examples, offered for purpose of illustration and 
not of limitation. 



^^^P^^ ^ - Simultaneous- chemical and immunochemical analysis 
In this instance, a device of the type of Fig. l was used to 
carry out chemical and immunochemical analysis. 

100 microliters of 10 mM ammonium chloride was added to 
25 the cell 1. Then one drop of 2 M sodium hydroxide was added 
to the cell. When a test strip impregnated with phenol red 
indicator was placed on top of the opening, instant color 
change was observed, indicating the release of ammonia from 
the reaction. 

30 As an example of immunoassay, H. pylori antigen was 

immobilized on the reaction membrane 4 in Fig. 2a. Serum or 

~-:..;.sallvajsample.-c6ntainiiig-antibbU^^^ 

using the chamber 2 in Fig. 1. After the sample was absorbed 
totally through the reaction membrane 4 by absorbence layer 5 
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m Fig. 2a, washing reagent phosphate buffer containing Tween 
20 surfactant and heat treated normal goat serum was applied. 
When the washing solution was absorbed, protein A - gold 
conjugate was applied. The treated reaction membrane was 
5 incubated at room temperature for 10 minutes and washed again 
with the washing reagent. A red dot in the middle of the 
reaction membrane indicated the presence of H. pylori 
antibodies in the sample. 

0 Example 2 - Ammonia test strips 

In this example, preparation of ammonia test strips based 
on the Berthelot reaction is described. 4.08 g sodium 
hydroxide (Sigma chemical Company), 1.19 g sodium salicylate 
(Aldrich), and 0.05 g sodium nitroprusside (Sigma) were ground 

5 xnto small particles in a porcelain mortar using a porcelain 
pestle. 5 ml water was added and grinding continued until a 
fine solid suspension was obtained. The mixture was spread 
over a piece of Whatman #4 qualitative filter paper and the 
paper soaked with the reagent was dried overnight in a 40^ c 
incubator. The filter paper treated in this way was used as 
an ammonia test strip. 

The performance of the test strip was tested using 10 mM 
ammonium chloride solution. 100 microliters 10 mM ammonium 
chloride solution was mixed with 100 microliters 5% sodium 
hypochlorite solution (Sigma) . The mixture was applied to the 
test strip. The color of the strip changed from yellow to 
green within five minutes. 

^^^P^^ ^ - test strips with gas-permeable layer 

Ammonia test strip shown in Fig. 3a was fabricated, 
jensor layer was prepared from 0.02% phenol red or credsol red 
iSagma)...by_;:soaking:iand: 

paper. Gas-permeable layer was prepared by coating 'a" piece of 
Whatman #4 filter paper with cellulose acetate butyrate. 
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Reagent layer was prepared from 2 M sodium hydroxide solution, 
All strips were cut into 1 cm x 1cm square pieces. As shown 
in Fig. 3b, a reagent layer piece, as gas-permeable layer 
piece, and a sensor layer piece were stacked glued together 
using two pieces of paper with one hole at one side of the 



end. 



The performance of the test strip was tested using 2 M 
sodium hydroxide and 10 mM ammonium solution. When one drop 
of sodium hydroxide solution was applied to hole 10 in Fig. 
3b, no color change was observed through hole 11 in Fig. 3b, 
indicating no leakage of solution through the gas-permeable 
layer. When ammonium solution was applied, almost instant 
color change was observed resulting from pH change in the 
sensor strip due to dissolved ammonia. Saliva sample was also 
analyzed with the test strip. The test strip was sensitive 
enough to detect ammonia constituent in the saliva. The 
ammonia in the saliva was in the millimolar range. 

Ammonia test strip as shown in Fig. 4a was prepared using 
similar procedure. 2.0 n>M, 4.0 mM, 6.0mM, and 8.0 mM ammonium 
chloride solutions were used to evaluate the performance of 
the test strip. Two samples were analyzed simultaneously. 
There was distinct difference in color intensity and color 
development time when concentration changed with 2.0 mM 
increment, indicating the possibility to use such a kind of 
test strip to get semi-quantitative information. 

In order to increase color contrast and increase ammonia 
collection efficiency, test strips are wetted using small 
volume of distilled water right before analysis. 
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Claims 



1. An anunonia test device, comprising a sample layer, a 
reagent layer, a gas-permeable layer, and a sensor layer. 

2. An aMaonia test device according to Claim 1, in which a 
hollow tube is filled at least with one reagent layer and 
one sensor layer. 



3. 



4 



An ammonia test device according to claim 1 in which a 
sample layer comprises porous material such as filter 
paper. 



An ammonia test device according to claim 1 in which a 
reagent layer is porous material soaked with sodium 
hydroxide or potassium hydroxide. 

5. An ammonia test device according to claim 1 in which a 
gas-permeable layer comprises gas-permeable membrane such 
as tetrafluoroethylene polymer. 

6. An ammonia test device according to claim 1 in which a 
sensor layer comprises pH indicators. 

7. An a^onia test device according to claim 6 in which said 
PH indicator is selected from the group consisting of 2- 
(2, 4-Dinitrophenylazo) -l-naphthol-3, 6-disulfonic acid, 
4,4'-bis (^-aiaino-lnaphthyla2o)-2,2'-stilbenedisulfonic 
acid, 6,8-dinitro-2,4-(lH)quni2aolinedione, alizarin, 
brilliant yellow, bromothymol blue, cresol red, m- 
nitrophenol, metacresol purple, neutral red, phenol red, 

™Ph.nplphth.leih;::^os^;ilc^cid:^^^ 

xylenol blue. ' * ' ^ - — - - — ^ 
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8. An ainmonia test dev-iro r-^T«r^^^ • 

esE aevice comprising a reaction cell and a 

sensor slide. 

9. amonia test device according to clai. 8 in which a 
reaction cell comprises a reaction chainber and slots. 

10. An an^onia test device according to claim 9 in which a 
reaction chamber comprises a porous material soa.ed with 
sodium hydroxide or potassium hydroxide. 

11. An anuaonia test device according to claim 8 in which a 
sensor slide comprises a sensor strip and a backing 
layer. 

12. An ammonia test device according to claim 11 in which a 
sensor strip comprises pH indicators listed in claim 7. 

13. An ammonia test device comprising a backing layer, a 
support layer, a sample layer, a reagent layer, a gas- 
permeable layer, and a sensor layer. 

14. An a:mnonia test device according to claim 13 in which a 
support layer, a reagent layer, and a sensor layer 
comprises porous material such as filter paper. 

15. An a:muonia test device according to claim 13 in which a 
reagent layer comprises filter paper soaked with sodium 
hydroxide or potassium hydroxide. 

16. An ammonia test device according to claim 13 in which a 
^sensor layer comprises filter paper soaked with pH 

:;_indrcators::iisted-::ih:;Hiaim="7v-^^^^^ 
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17. An ammonia test device according to claim 13 in which 
said a gas-permeable layer comprises gas-permeable 
membrane such as tetrafluoroethylene polymer. 

18. An ammonia test device according to claim 13, in which a 
backxng layer and a support layer comprises polymers such 
as polyethylene, propylene, and polystyrene or inorganic 
materials such as aluminum, steel, and copper. 
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